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(57) Abstract 


,u T^t "^9^ compositions of the present invention are ditecied to enhancing an immune response and increasing vaccine efficacy 
through the simultaneous or s«}uentiai targeting of specific immune system components. More particularly, specific immune components 
^»rh f"^"^ ^ i"<»ividually activated by component-specific immunostimulating ageius. On.; 

such componenr-speeific immunostimulating agent is an antigen-specific, species^-specific mOTOckmal antibody. The invention is also 
* f^, L^'^ P'^«*"=«0'^ 'he antigen-specific, species-specific monocional antibodies whi<^ lelies upon the in 

vmo convei^ion of blood-borne immuiw ceils, such as macrophages and lymphocytes. Vacciiw effic^y is enhanced by the administration 
colto dT TV'""*h"^ camponeni-^fic immunostimulating agents and other diem^its. such as antigens or carrier particics, $iKh as 


METHODS AND COMPOSITIONS FOR ENHANCING IMMUNE RESPONSE 
AND FOR THE PRODUCTION OF IN VITRO MASS 


HELD OF THE INVENTION 

The present invention relates generally to immunology. More 
specifically, the invention relates to methods and compositions for the 
enhancement of an immune response in a human or animal. Such 
enhancement may result in stimulation or suppression of the immune 
response. The invention also relates to targeted component-stimulating 
compositions that easily and efficiently present antigenic components to 
particular immune cells to enhance an immune response in a human or 
animal. The present invention further relates to the use of such methods and 
compositions for the production of antigen-specific, species-specific 
monoclonal antibodies and the in vitro methods for production of such 
antibodies. 

BACKGROUND OF THE INVENTION 

The introduction of desired agents into specific target cells has been a 
challenge to scientists for a long time. The challenge of specific targeting of 
agents is to get an adequate amount of the agent or the correct agent to the 
target cells of an organism without providing too much exposure of the rest of 
the organism, A very desired target for delivery of specific agents is the 
selective control of the immune system. The immune system is a complex 
response system of the body that involves many different kinds of cells that 
have differing activities. Activation of one portion of the immune system 
usually causes many different responses due to unwanted activation of other 
related portions of the system. Currently, there are no methods or 
compositions for producing the desired response by targeting the specific 
components of the immune system. 

One method that has been used with limited success is the targeting of 
cells that bear a specific receptor and providing an antibody to that receptor 
that acts as a carrier for an agent. The agent could be a pharmaceutical agent 
that is a cell stimulant or 
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the therapeutic agent could be a radioactive moiety that causes cell death. Tte problems 
inherent in this techniques are the isolation of the specific receptor, the production of an 
antibody having elective activity for that receptee and no cross-mactivitics with other 
similar epitopes, and attachn^nt of the agent to the antibody. A problem attendant to 
5 such limited delivery is that the agent may never be released internally in the targeted 
ceU, the agent is not releasably bound to the antibody and therefore, may not be fully 
active or capable of any activity once it is delivered to the site. 

The immune system is a complex interactive system of the body that 
involves a wide variety of components, including cells, cellular factors whbh inter^t 
10 with stimuli from both inside the Ixxiy and outside the body. Aside from its direct 
action, the immune system's response is also influenced by other systems of the body 
including the nervous, respiratory, circulatoiy and digestive systems. 

One of the better known aspects of the immune system is its ability to 
respond to foreign antigens presented by invading organisms, cellular changes within 
15 the body, or from vaccination. Some of the first kinds of cells that respond to such 
^tivation of the immune system are phagocytes and natural killer cells. Phagocytes 
inclucfc among other cells, monocytes, macrophages, and polymorphonuclear 
neutrophils. These cells generally bind to the foreign ^tigen, internalize it and may 
destroy it. Tliey also produce soluble mdecules tihat mediate other immune responses, 
20 such as inflammatory responses. Natural killer cells can recognize and destroy certain 
virally infected embryonic and tumor cells. Other factors of the immune response 
include both complement pathways which are capable of responding independently to 
foreign antigens or acting in concert with cells or antibodies. 

One of the aspects of the immune system that is important for 
25 vaccination is the specific response of the immune system to a particular pathogen or 
foreign antigen. Part of the response includes the establishment of "memory" for that 
foreign antigen. Upon a s<xondaiy exposure, the memory function allows for a quicker 
and generally greater response to d>e foreign anti^n. Lymphocytes in concert with 
other cells and factors, play a major role in both the memory function and the lespcMfise. 

Generally, it is thought that the response to antigens involves both 
humoral responses and cellular responses. Humoral immune responses are mediated by 
non cellular factors that are released by <^lls and which may or may not be found free in 
the plasma or intraceliular fluids. A major component of a humoral response of the 
immune system is mediated by antibodies produced by B lymphocytes. Cell-mediated 
35 immune responses result from the interactions of cells, including antigen presenting 
cells and B lymphocytes (B cells) and T lymphocytes (T cells). 
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The response is initiated by the recognition of foreign antigens by 
various kinds of cells, principally macrophages or other antigen presenting cells. This 
leads to activation of lymphocytes, in particular, the lymphocjites that specifically 
recognize that particular foreign antigen and results in the development of the immune 
5 response, and possibly, elimination of the foreign antigen. Overlaying the immune 
response directed at elimination of the foreign antigen are complex interactions that lead 
to helper functions, stimulator functions, suppresser functions and other responses. The 
power of tte immune system's responses must be carefully controlled at multiple sites 
for stimulation and suppression or the response will either not occur, over respond or 

1 0 not cease after elimination. 

The recognition phase of response to foreign antigens consists of the 
binding of foreign antigens to specific receptors on immune cells. These receptors 
generally exist prior to antigen exposure. Recognition can also include interaction with 
the antigen by macrophage-like cells or by recognition by factors within serum or bodily 

15 fluids. 

In the activation phase, lymphocytes undergo at least two major changes. 
They proliferate, leading to expansion of the clones of antigen-specific lymphocytes and 
amplification of the response, and the progeny of antigen-stimulated lymphocytes 
differentiate either into effector cells or into memory cells that survive, ready to respond 

20 to re-exposure to the antigen. There are numerous amplification mechanisms that 
enhance this response. 

In the effector phase, activated lymphocytes perform the functions that 
may lead to elimination of the antigen or establishment of the vaccine i^sponse. Such 
functions include cellular responses, such as regulatory, helper, stimulator, suppressor or 

25 memory functions. Many effector functions require the combined participation of cells 
and cellular factors. For instance, antibodies bind to foreign antigens and enhance their 
phagocytosis by blood neutrophils and mononuclear phagocytes. Complement 
pathwaji^ are activated and may participate in the lysis and phagocytosis of microbes in 
addition to triggering other body responses, such as fever. 

30 In the imrrMine response to antigens, immune cells interact with each 

other by direct cell to cell contact or indirect cell to cell (factor mediated) 
communication. For example, interactions between T cells, macrophages, dendritic cells, 
and B cells are necessary for an effective immune response. B and T cells are activated 
by signals from dendritic cells or macrophages, which are antigen presenting cells 

35 (APC) that present antigens and cteliver activation signals to resting cells. Activated T 
cells help control immune responses and participate in the removal of foreign 
organisms- Helper T cells cause cells to become better effector cells, such as helping 


wo 99/24066 


4 


PCT/US98/239S7 


10 


cytotoxic T cell precursors, to develop into killer ceUs, helping B cells make antibodies, 
and helping increase functions of other cells like macrophages. Activafed B cells divide 
and produce antigen specific antibodies and memory B cells. The cells involved in the 
immune response also secrete cellular factors or cytokines, which enhance the functions 
of phagocytes, stimulate inflammatory i^sponses and effect a variety of cells. 

The reactions of these cells also involve feedback Icwps, Macrophages 
and other mononuclear phagocytes, or APCs, actively phagocytose antigens for 
presentation to B and T cells and such activity can be enhanced by lym(*ocytic cellular 
factors. Macrophages also produce cytokines that, among other activities, stimulate T 
cell proliferation and differentiation, and that recruit other inflammatory cells, especially 
neutrophils, and are responsible for many of the systemic effects of inflammation, such 
as fever. One such cytokine, calloi interleukin-12, is especially important for the 
development of cell-mediated immunity. 

Dendritic cells are also APCs which initiate an immune response. There 
are a numter of different tyi^s of dendritic cells, including lymphoid dendritic cells and 
Langcrhans cells of the skin. They can be found throughout the body and particularly 
in the spleen, lymph nodes, tonsils, Peyer's patches, and thymus. They arc inegularly 
shaped cells which continuously extend and contract dendritic (treelike) processes- 
One of their roles in the tmmui^ system is to regulate and induce B and T cell activation 
and differentiation. They are potent access^xy cells for the development of cytotoxic T 
cells, antibody formation by B cells, and some polyclonal responses like oxidative 
mitogenesis- They also stimulate T cells to release the cytokine interlcukin-2. 

An important arm of vaccination is the response to antigens that is 
provided by B lymphocytes or B cells. B cells represent about 5 to 15% of the 
circulating lymphocytes. B cells produce immunoglobulins, IgG, IgM, IgA, IgD, and 
IgE» which may be released into body fluids, secreted widi attached proteins or be 
inserted into the surface membrane of the B cell Such immobiHzed immunoglobulins 
act as specific antigen receptors. In responding to antigen, these immunoglobulin 
receptors are crosslinked, known as capping, followed by internalization and degradation 
of the immunoglobulin. Capping also occurs with glycoproteins located on *e surface 
membrane of the B cells. 

The B plasma cells produce and secrete antibody molecules that can bind 
foreign proteins, polysaccharides, lipids, or other chemicals in extra cellular or cell- 
associated forms. The antibodies produced by a single plasma cell are specific for one 
antigen. TTie secreted antibodies bind the antigen and digger the mechanisms that 
facilitate their destruction. 

Monoclonal Antibodies 


wo 99/24066 


5 


FCT/US98/23957 


One of the most widely employed aspects of the immune response 
capabilities is the production of monoclonal antibodies. The advent of monocional 
antibody (Mab) technology in the mid 1970s provided a valuable new ttierapeutic and 
diagnostic tool. For the first time, researchers and cUnicians had access to unhmited 
5 quantities of unifonn antibodies capable of binding to a predetenmined antigenic site and 
having various immunological effector functions, Cumcnlly, the techniques for 
production of monoclonal antibcxlies is well known in the art. 

These monoclonal antibodies weie thought lo hold great promise in 
medicine and diagnostics. Unfortunately, the development of therapeutic products based 
10 on these proteins has been limited because of problems that are inherent in mon<x:lonal 
antibody therapy. For example, most monoclonal antibodies are mouse derived and, 
thus, do not fix human complement well. They also lack other important 
immunoglobulin functional characteristics when used in humans. 

The biggest drawback to the use of monocJonal antibodies is the fact that 
15 nonhuman monoclonal antibodies are immunogenic when injected into a human patient. 
After injection of a foreign antibody, die immune response mounted by a patient can be 
quite strong. The immune response causes the quick elimination of the foreign 
antibcKly, essentially eliminating ihe antibody* s therapeutic utility after an initial 
treatment. Unfortunately, once the immune system is pfimed to respond to foreign 
20 antibodies, later treatments with the same or different nonhuman antibodies can be 
ineffective or even dangerous because of cross-reactivity. 

Mice can be readily immunized with foreign antigens to produce a broad 
spectrum of high affinity antibodies. However, the introduction of murine antibodies 
into humans results in the production of a human-anti-mouse antibody (HAMA) 
25 response due to the presentation of a foreign protein in the body. Use of murine 
antibodies in a patient is generally limited to a term of days or weeks. Longer treatment 
periods may result in anaphylaxis. Moreover, once HAMA has developed in a {i^tient, it 
often prevents the future use of murine antibodies for diagnostic or therapeutic 
purposes. 

To overcome the problem of HAMA response, researchers have 
attempted several approaches to modify nonhuman antibodies, to make them human- 
like. These approaches include mouse/human chimcrs, humanization, and primatization. 
Early work in making more human-like antibodies used combined rabbit and human 
antibodies. The protein subunits of antibodies, rabbit Fab fragments and human Fc 
35 fragments, were joined through protein disulfide bonds to form new, artificial protein 
molecules or chimeric antibodies. 
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Recombinant molecular biological techniques have been used to create 
chimeric antibodies. Recombinant DN A technology was used to construct a gene fusion 
between DNA sequences encoding mouse antibody variabie light and J^vy chain 
domains and human antibody light chain (LC) and heavy chain (HC) constant domains 
5 to permit expression of chimeric antibodies. These chimeric antibodies contain a large 
number of nonhuman amino acid sequencer and are immunogenic to humans. Patients 
exposed to these chimeric antibodies produce human^anti-chimera antibodies (HACA). 
HACA is directed against the murine V region and can also be directed against the novel 
V-region/C region (constant region) junctions present in recombinant chimeric 
10 antibodies. 

To overcome some of the limitations presented by the inmiunogenicity of 
chimeric antibodies, molecular biology techniques are used to created humanized or 
reshaped antibodies. The DNA sequences encoding the antigen binding portions or 
complementarity detennining regions (CDRs) of murine monoclonal antibodies arc 

15 grafted, by molecular means, on the DNA sequences encoding the franteworks of 
human antibody heavy and light chains. The humanized Mabs contain a larger 
percentage of human antibody sequences than do chimeric Mabs. The end product, 
which comprises approximately 90% human antib(xly and 10% mouse antibody, 
contains a mouse binding site on an human antibody. It also contains certain amino acid 

20 substitutions from the mouse Mab into the framework of the humanized Mab in order to 
netain the correct shape, and thus, binding affinity for the target antigen. 

In practice, simply substituting murine CDRs for human CDRs is not 
sufficient to generate efficacious humanized antibodies retaining the specificity of the 
original murine antibody. There is an additional requirement for the inclusion of a small 

25 number of critical murine antibody residues in the human variable region. The identity 
of these residues depends upon the structure of both tte original murine antibody and 
the acceptor human antibody. It is the presence of these murine antibody residue that 
helps create a HACA response in the patient, leading to rapid clearance of the 
monoclonal antibodies and the fear of anaphylaxis. 

Another technique, called resurfacing technology, is used for humanizing 
mouse antibodies. Resurfacing involves replacing the mouse antibody surface with a 
human antibody surface in a process that is faster and more efficient than other 
humanization techniques. This technique provides a method of redesigning murine 
monoclonal antibodies to resemble human antibcKiies by humanizing only those amino 

35 acids that are accessible at the surface of the V-regions of the recombinant Fy. The 
resurfacing of murine monoclonal antibodies may maintain the avidity of the original 
mouse monoclonal antibody in the reshaped version* because the natural framework- 
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CDR interactions are retained. Again, these antibodies suffer from the problem of being 
antigenic due to their aiouse origins. 

Other technologies use primate* mther than mouse, sequences to 
humanize Mabs. The rationale of this approach, called piimatization. is that most of the 
5 sequences in the primate antibody variable region aie indistinguishable from human 
sequences. Primatized anti-CD4 Mabs for the tmatment of rhumatoid arthritis and 
severe asthma are being developed. However, these Mabs am still foreign proteins to die 
immune system of the patient and evoke an immune response. 

In an effcHt to avoid the immune response to foreign proteins, a variety of 
10 approaches are being develops to make human Mabs fliat contain only human antibody 
components. One approach is to isolate a human B cell clone that naturally makes 
Mtibody to the desired antigen and grow it in a trioma cell culture system. Because 
human antibodies are made only gainst antigens that are foreign to the host, none of the 
human B cells will make antibodies against human antigens. Therefore, this approach is 

15 not useful to produce Mabs against antigens that are human proteins. 

Two other approaches to create human Mabs are phage display and use 
of transgenic mice. Phage display technique takes advantage of the ability of humans to 
make antibodies against any possible structure. This technique uses the antibody genes 
from many individual humans to create a large library of phage antibodies, each 

20 displaying a functional antibody variable domain on its surface. From this library, 
individual variable domains are selected for their ability to bind to the desired antigen. 
The Mab is created through molecular biology techniques by combining an antibody 
vari^le domain having the desired binding characteristics and a constant domain that 
best meets the potential human therapeutic product. Again, this technique lacks antigen 

25 specificity. The phage library cannot contain every binding region for any and all 
desired antigens. It also may contain binding regions which lack specificity. Thus, this 
technique may require considerable engineering to increase antibody affinities to useful 
levels. 

Transgenic mice are also being used to create "human" antibodies. The 
30 transgenic mice are created by replacing mouse immunoglobulin gene loci with human 
immunogl<*ulin loci. This approach may provide advantages over phage display 
technologies because it takes advantages of mouse in vivo affinity maturation machinery. 
All of the current technologies for producing human or humw-like 
Mabs arc insufficient to provide a species specific antibody that is antigen specific for a 
35 de»:ribed antigen. Chimeric antibodies have the advantages of retaining the specificity of 
the murine antibody and stimulating human Fc dependent complement fixation and cell- 
mediated cytotoxicity. However* the murine variable regions of these chimeric 
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anlibcKiies can still elicit a HAMA response, Oiereby linnuting the value of chimeric 
antibodies as diagnostic and therapeutic agents. 

Efforts to immortalize human B-^iells or to generate human hybridomas 
capable of producing immunoglobulins against a desired antigen have been generally 
5 unsuccessful, panicularly with human antigens. Additionally, immune tolerance in 
humans prevents the successful generation of antibodies to self-antigens. 

Vaccine Therapy 

Vaccines may be directed at any foreign antigen, whether from another 
organism, a changed cell, or induced foreign attributes in a nonmal "self cell. The route 
10 of administration of the foreign antigen can help determine the type of immune response 
generated. For example, cfclivery of antigens to mucosal surfaces, such as oral 
inoculation with live polio vims, stimulates the immune system to produce an Immune 
response al the mucosal surface. Injection of antigen into muscle tissue often promotes 
the production of a long lasting IgG response. 

15 Vaccines may be generally divided into two types, whole and subunit 

vaccines. Whole vaccines may be produced from viruses or microorganisms which have 
been inaaivated or attenuated or have been killed. Uve attenuated vaccines have the 
advantage of mimicking the natural infection enough to trigger an immune response 
similar to the response to the wild-type organism. Such vaccines generally i»"ovide a 

20 high level of protection, es{:^cially if administered by a natural route* and some may 
only require one dose to confer immunity. Another advantage of some attenuated 
vaccines is that they pravide person-to-person passage among members of the 
population. These advantages, however, are balanced with severd disadvantages. Some 
attenuated vaccines have a limited shelf-life and cannot withstand storage in tropical 

25 environments. There is aiso a possibility that the vaccine will revert to the vimlent wild- 
type of the organism, causing harmful, even life*threatcning, illness. The use of 
attenuated vaccina is contraindicated in immunodeftcient states, such as AE>S, and in 
pregnancy. 

Killed vaccines are safer in that they cannot revert to vimlence. They are 
30 generally more stable during transport and storage and are acceptable for use in 
immunocompromised patients. However, they are less effective than the live attenuated 
vaccines, usually requiring more than one dose. Additionally, they do not provide for 
person-to-person passage among members of the population. 

Production of subunit vaccines require knowledge about the epitopes of 
35 the microorganism or cells to which the vaccine should be directed. Other 
considerations in designing subunit vaccines are the size of the subunit and how well the 
subunit represents all of the strains of the microorganism or cell. Hie current focus for 
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develq>]Tient of bacteria] vaccines has shifted to the generation of subunit vaccines 
because of the problems encountered in producing whcAc bacterial vaccines and the side 
effects associated with their use. Such vaccines include a typhoid vaccine b^ed upon 
the Vi capsular polysaccharide and the Hib vaccine to Haemophilus influenzae. 
5 Other vaccines which have been developed incJude combination vaccines 

and DNA vaccines. An example of a combination vaccine is the Bordetella pertussis 
toxin and its surface fimbrial hemaglutinin. In DNA v^tnation, the patient is 
administered nucleic acids encoding a protein antigen that is than transcribed, translated 
and expressed in some form to produce strong, long-lived humoral and cell*mediated 

10 immune responses to the antigen. The nucleic acids may be administered using viral 
vectors or other vectors, such as liposomes. 

The immune response created by vaccines can be non-specifically 
enhanced by the use of adjuvants. Tlies^ are a heterogeneous group of compounds or 
carrier components, such as liposomes, emulsions or microspheres, with several 

1 5 different n^hanisms of ^tion. 

In addition to the typical use of v^xines for protection against disease, 
vaccination is being used to fight cancen The idea of non-specifically stimulating the 
immune system to reject tumors is nearly a century old. Coley, an early researcher in 
the field, used bacterial filtrates with considerable success. Attempts to vaccinate against 

20 cancer with purified cytokines and immunostimulants have had only limited success and 
have b^n effective for only a few types of tumors* 

Many diseases, in addition to cancer, are mediated by the immune 
system. The diseases include allergies, eczema, rhinitis, urticaria, anaphylaxis, transplant 
rejection, such as kidney, heart, pancreas, lung, bone, and liver transplants; rheumatic 

25 dise^es, systemic lupus erthematosus, rheumatoid anhriiis, seronegative 
spondylanhritides, Sjogren's syndrome, systemic sclerosis, polymyositis, 
dermatomyositis, type 1 di^x^es meUims, acquired immune deficiency syndrome, 
Hashimoto's thyroiditis. Graves' disease, Addison's disease, polyendocrine 
autoimmune disease, hepatitis, sclerosing cholangitis, primary biliary cirrhosis, 

30 pernicious anemia, coeiiac disease, antibody-mediated nephritis,, glommilonephritis, 
Wegener's granulomatosis, microscopic polyarteritis, polyarteritis nodosa, pemphigus, 
dermatitis herpetiformis, psoriasis, vitiligo, multiple sclerosis, encephalomyelitis, 
Guillain-Barre syndrorr^, myasthenia gravis, Lambert-Eaton syndrome, sclera, episclera, 
uveitis, chronic mucocutaneous candidiasis, Bruton's syndrome, transient 

35 hypogammaglobulinemia of infancy, myeloma, X-iinked hyper IgM syndrome, Wiskott- 
Aldrich syndrome, ataxia telangiectasia, autoimmune hemolytic anemia, autoimmune 


10 


thrombocytopenia, autoimmune neutropenia, Waldenstrom's 
macroglobulinemia amyloidosis, chronic lymphocytic leukemia, and non- 
Hodgkin*s lymphoma. 

Because of the safety concerns associated with the use of attenuated 
5 vaccines and the low efficacy of killed vaccines, there is a need in the art for 
compositions and methods that enhance vaccine efficacy. There is also a 
need in the art for compositions and methods of enhancing the immune 
system v^rhich stimulate both humoral and cell-mediated responses. There is 
a further need in the art for the selective adjustment of an immune response 

10 and manipulating the various components of the immune system to produce 
a desired response. Additionally, there is a need for imthods and 
compositions that can accelerate and expand the immune response for a more 
rapid response in activation. There is an increased need for the ability to 
vaccinate populations, of both humans and animals, with vaccines that 

15 provide protection with just one dose. 

What is needed are compositions and methods for target specific 
delivery of agents to only the target cells. It would be preferable for some 
administrations and treatments if the agent is internalized by the targeted 
cells. Once inside the cell, the agent should be sufficiently released from the 

20 transport system such that the agent is active. Such compositions and 
methods should be able to deliver therapeutic agents to the target cells 
efficiently. What is also needed are compositions and methods that can be 
used both in in vitro and in vivo systems. 

There is also a general need for compositions of antigen specific, 

25 species specific antibodies and improved methods for producing them. There 
is a particular need for methods for producing completely human antibodies 
having affinity for a predetermined antigen. These human immunoglobulins 
should be easily and economically produced in a manner suitable for 
therapeutic and diagnostic formulation. 

30 

SUMMARY OF THE INVENTION 

In one aspect the present invention provides an antigen-specific, 
human-specific monoclonal antibcMly comprised entirely of human protein, 
produced by a process consisting essentially of 


lOA 

a) stimulating immune cells from a human in vitro to activate the 
cells to produce a primary response to an antigen; wherein the 
antigen is a colloidal metal bound antigen and 

b) immortalizing the activated immune ceils; and 

c) selecting a monoclonal antibody producing cell 

Preferably, the antigen is selected from the group consisting of IL-1, IL- 
2, IL-3, IL.4. IL-5, IL-6» IL-8, IL-10, EL-ll. E.-12, lipid A. 

phospholipase A2 endotoxins, staphylococcal enterotoxin B and other toxins, 
Type I interferon^ Type 11 interferon, TNF-a, TGF-p, lymphotoxin, migration 
inhibition factor, CSF, monocyte-macrophage CSF, granulocyte CSF, VEGF, 
angiogenin, heat shock proteins, carbohydrate moieties of blood groups, Rh 
factors, fibroblast growth factor, inflammatory and immune regulatory 
proteins, nucleotides, DNA, RNA, mRNA, sense, antisense, polynucleotides, 
cancer cell specific antigens, mutant p53, tyrosinase, autoimmune antigens, 
immunotherapy dmgs, and angiogenic and anti-angiogenic drugs. 

In another aspect, the present invention provides a method for the in 
vitro stimulation of immune cells to produce antigen-specific, species-specific 
monoclonal antibodies comprising 

a) stimulating immune cells from a human or animal in vitro to 
activate the cells to produce a primary response to an antigen, 
wherein the antigen is a colloidal metal bound antigen; 

b) immortalizing the activated immxme cells; and 

c) selecting a monoclonal antibody producing cell 

Preferably, the stimulated immune cells produced in step (a) are stored 
and used at a later time. 

Preferably, the species is mammahan. More prefembly, the species is 
human. 

Further, it is preferred that the antigen is selected from the group 
consisting of IL-2, IL-3, IL-4. IL-5, IL-6, IL-7, IL-S, IL-11, IH2, IL- 

13, lipid A, phospholipase A2 endotoxins, staphylococcal enterotoxin B and 
other toxins, Type I interferon. Type H interferon, TNF-a, TGF-p, 
lymphotoxin, migration inhibition factor, CSF, monocyte-macrophage CSF, 
granulocyte CSF, VEGF, angiogenin, heat shock proteins, carbohydrate 
moieties of blood groups, Rh factors, fibroblast growth factor, inflammatory 
and immune regulatory proteins, nucleotides, DNA, RNA, mRNA, sense, 
antisense, polynucleotides, cancer cell specific antigens, mutant p53. 
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tyrosinase, autoimmune antigens, immunotherapy drugs, and angiogenic and 
anti-angiogenic drugs. 

In another aspect, the present invention provides a method for the in 
vitro production of antigen-specific, species-specific monoclonal antibodies 

comprising 

a) incubating an antigen and antigen presenting cells in vitro to 
activate the antigen presenting cells, wherein the antigen is a 
colloidal metal bound antigen; 

b) adding B cells to the activated APCs to produce primary clones; 

c) immortalizing the primary clones; and 

d) selecting a monoclonal antibody producing celL 

Preferably, the stimulated immune cells produced in step a) are stored 
and used at a later time. 

Prefembly, steps a) and b) are performed in a single step. 

Preferably, the activation comprises at least one immunostimulating 
molecule. 

Further, it is preferred that the antigen is selected from the group 
consisting of IL-1, IL-2, IL-3, IL-5, IL-8. IL-10, IL-11, IL-12, IL- 

13, lipid A, phospholipase A2 endotoxins, staphylococcal enterotoxin B and 
other toxins, Type I interferon. Type n interferon, TNF-a, TGF-p. 
lymphotoxin, migration inhibition factor, CSF, monocyte-macrophage CSF, 
granulocyte CSF, VEGF, angiogenin, heat shock proteins, carbohydrate 
moieties of blood groups, Rh factors, fibroblast growth factor, inflammatory 
and immune regulatory proteins, nucleotides, DNA, RNA, mRNA, sense, 
antisense. polynucleotides, cancer cell specific antigens, mutant p53, 
tyrosinase, autoimmune antigens, immunotherapy drugs, and angiogenic and 
anti-angiogenic drugs. 

The present invention also comprises methods and compositions for 
targeted delivery of component-specific immunostimulating molecules to 
individual immune cells. These component-specific immunostimulating 
molecules bind and stimulate specific immune cells because of specific 
receptors on the cells. Thus, in a mixture of different cell types, the 
component-specific immunostimulating molecules are bound only by cells 
having the selected receptor, and cells lacking the receptor are unaffected. In 
some populations of immune cells, only one cell type contains receptors that 
bind a giv^n component-specific immunostimulating agent In other cell 
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Ix>piilations, multiple immune cells may contain the receptor that binds the 
component-specific immunostimulating agent It is also possible for a given 
cell type to contain receptors 
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for multiple component-specific intmunostimulating agents. 

The methods of targeted delivery to the immune cells may be such 
methods as those used for in vitro techniques such as addition to cellular cultures or 
media or those used for in vivo administration. In vivo administration may include direct 
5 application to the cells or such routes of administratis as used for delivery of vaccines 
to humans, animals, or other organisms. 

In one embodiment, tte present invention comprises methods and 
compositions for the simultaneous and/or sequential targeted stimulation of specific 
individual components of the immune system by a putative antigen or vaccine molecule 
10 to enhance, alter, or suppress the immure response to the anUgen/vaccine, Another 
aspect of the invention provides for increasing die efficacy with which antigens and 
vaccines induce an immune response. In one embodiment, tte methods and 
compositions of the invention are capable of the simultaneous stimulation of many 
different individual immune components through the pit^ntation of specific 
15 component-stimulating compositions. 

The present invention also comprises compositions and methods for die 
sequential stimulation of the immune system by providing component-stimulating 
compositions at one or more steps in an inmiune response cascade of interacting factors 
and cells. In one disclosed embodiment, the si^ific immune components stimulated are 
20 macrophages, dendritic cells, B cells, and T cells. 

In a preferred embodiment, the methods comprise the sequential 
administration of component-stimulating compositions. The compositions may 
comprise the same component-specific immunostimulating agent given at different times 
or by different methods of administration, such as orally the first time and by injection 
25 the second time. In another preferred embodiment, the methods comprise the sequential 
administration of different component-specific immunostimulating agents. For example, 
a first component-specific immunostimulating agent wiU stimulate an initiating step of 
the immune rehouse, followed by a later administration of a second compoiK^nt-specific 
immunostimulating agent to stimulate a later step of the immune response. The present 
30 invention contemplates administration of multiple component-specific 
immunostimulating agents to initiate several pathways of the immune system, followed 
by later administrations of the same or other component-specific immunostimulating 
agents to continue and enhance the inmnune response. 

Additionally, it is contemplated in the present invention that the 
35 compositions and methods described herein can be used for stimulation of an immune 
response or the suppression of an immune response. Administration of component- 
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specific immunostimuiating Bgent& for the suppression of immune responds can be 
us^ to control autoimmune di^^ses or organ rejection. 

In another embodiment^ the present invention comprises methods and 
composiuons for the production of antigen-specific, spates -specific monoclonal 
5 antibodies. These methods and compositions rely upon the conversion of immune cells. 
In a preferred embodin^i, the methods and compositions comprise the in vitro 
conversion of circulating immune cells. These cells mount a primary i^sponse to the 
antigen, resulting in the production of antigen specific antibody. These selected primary 
clones are then immortalized to produce cells that secrete antibodies comprised entirely 

10 of protein from the selected species. 

In a preferred embodin^nt of the invention the antibc^ies produced are 
wholly human monoclonal antibodies which are produced through the in vitro culturing 
of human peripheral blood lymphocytes. A key element to this invention is the antigenic 
recognition of 'self molecules. Such self molecules include those molecules that are 

15 native or naturally occurring in an individual, as well as any molecule having a structure 
which is the same as that which occurs naturally in a particular species. This recognition 
reduces immunogenicity because the antibodies contain protein from only one species. 

TTiese antibodies, however, may still result in some immunogenicity 
because tte protein contained within the antibody, while from the same species, is 

20 foreign to the individual. In another preferred embodiment, the monoclonal antibodies 
produced in vitro are made from the blood of a human or animal and then injected into 
that same individual. In such situations, the antibodi^ produce little or no 
immunogenicity because the antibodies are comprised entirely of protein from that 
individual, 

25 Once these primary cultuies have converted to the production of antigen 

specific antibody, they are immortalized, for example, by fusing with human 
immortaiized cancer cells or by transfecting the antibody producing cells with 
oncogenes, such as ras, or with vintses, such as Epstein Bmr virus. The tesultant 
hybridomas are screened for specific antibody secretion and then processed, for 

30 example^ by limiting dilution procedures to isolate a single monoclonal anubcwiy 
producing cell. The resultant human monoclonal antibody contains only human protein. 
No animal protein enters into the constmction of the human monoclonal antibody. The 
absence of all animal protein ensures that no human-anti-animal antibody will result 
from the therapeutic administration of these antibodies- 

35 The methods and compositions of the present invention provide a novel 

and ve^tile approach to systems for the targeted stimulation of an immune response. 
In one disclosed embodim^t, the present invention comprises component-stimulating 
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compositions. In a pnefened embodiment, the component-stimulating compositions 
comprise component-specific immunostimulating agents. In another preferred 
embodiment, the component-stimulating compositions comprise component-specific 
immunostimulating agents in association witti colloidal metal. In yet another prefeirad 
5 embodiment, such compositions comprise an antigen in combination with a component- 
specific irmnunostimulating agent, and in a further preferred emb<^iment an antigen and 
a component-specific immunostimulating agent are bound to a colloidal mml, such as 
colloidal gold, and the resulting chimeric molecule is presented to the immune 
component- 

In another disclosed embodiment, the component-stimulating 
compositions of the invention comprise a delivery structure or platform, to which one 
member of a binding group is bound, and the complement^ member of the binding 
group is bound to an antigen or is bound to a component-specific immunostimulating 
agent. In a more preferred embodiment, one of the complementary members of the 
15 binding group is bound to a component-specific immunostimulating agent, and another 
of the complementary members of the binding group is bound to a putitive 
antigen/vaccine. The binding group members may be selected from all such known 
paired binding groups including but not limited Co antibody/antigen; enzyim/substrate; 
and streptavidin/biotin. 

One embodiment of such a composition comprises a delivery structure 
or platform with a member of a binding group reversibly bound to it, A preferred 
embodiment of the present invention comprises coUoidal gold as a platfom that is 
capable of binding a member of a binding group to which component-specific 
immunostimulating molecules and antigen/vaccine molecules ajre bound to create a 

25 component-stimulating composition. In a more pmferred embodiment, the binding 
group is streptavidin/biotin and the component-specific immunostimulating molecule is 
a cytokine. Embodiments of the present invention may also comprise binding the 
component-specific immunostimulating molecules or antigen/vaccine in a less specific 
method such as by using polycations. 

The present invention also comprises presentation of antigen md 
component-specific immunostimulating agents in a variety of different carrier 
combinations. For example, a preferred embodiment includes administration of an 
antigen in association with component-specific immunostimulating agents and colloidal 
gold in a liposome carrier. Additional combinations are colloidal gold particles studded 

35 with viral particles which are the active vaccine candidate or are packaged to contain 
DNA for a putative vaccine. The gold particle may also contain a cytokine which can 
then be used to target the virus to specific immune cells. Such embodiments provide for 
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an internal vaccine preparation that slowly releases antigen to the immune 
system for a prolonged response. This type of vaccine is especially beneficial 
for one-time administration of vaccines. All types of carriers, including but 
not limited to liposomes and microcapsules are contemplated in the present 
5 invention. 

Therefore, it is desirable to provide reliable and facile methods for 
enhancing an immune response* 

It is also desirable to provide methods for improving vaccine efficacy. 

It is also desirable to provide vaccines that give effective protection 
10 with only one dose administration. 

It is also desirable to provide methods for the targeted stimulation of 
individued immune components in a specific manner. 

It is also desirable to provide methods for the simultaneous 
presentation of an antigen and a component-specific immunostimulating 
15 agent to individual components of the immune system. 

It is also desirable to provide compositions comprising component- 
specific immunostimulating agents that are capable of effecting a particular 
component of the immune system. 

It is also desirable to provide methods and compositions for 
20 suppressing the immune responses. 

It is also desirable to provide compositions for using 
simultaneous/sequential component-specific agents to initiate an immune 
response to a primary cancer capable of not only enhancing the immune 
response to the primary tumor but also mounting a systemic immune 
25 response to residual disease. 

It is also desirable to provide compositions for using 
simultaneous/sequential component-specific agents to initiate an immune 
response to a primary cancer capable of not only enhancing the inunune 
response to the primary tumor but also mounting a systemic immune 
30 response to residual disease. 

It is also desirable to increase the antigenicity/immunogenicity of a 
molecule. 

It is also desirable to generate a antigen-specific species-specific 
monoclonal antibcxly in vitro. 
35 It is also desirable to generate a wholly human monoclonal antibody 

through the in vitro culturing of human peripheral blood lymphocytes. 
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It is also desirable to eliminate the problem of antigen-specific species- 
specific induced immunity by providing a treatment for diseases with human 
antigen-specific antibodies. 

It is also desirable to produce a monoclonal antibody that is person 
5 Specific and thereby eliminates a foreign immune response. 

It is also desirable to provide reliable and versatile methods and 
compositions for targeting the delivery of immune enhancing agents to 
immune cells. 

It is also desirable to provide methods and compositions for targeted 
10 delivery of component-specific immunostimulating agents in vitro and in 
vivo. 

It is also desirable to provide methods and compositions for the 
targeted deliverer of component-specific immunostimulating agents to cells 
having a specific receptor- 

It is also desirable to provide methods and compositions comprising a 
targeted delivery system that is capable of binding and delivering a putitive 
antigen/vaccine using a component-specific immunostimulating agent. 

Any discussion of documents, acts, materials, devices, articles or the 
like which has been included in the present specification is solely for the 
20 purpose of providing a context for the present invention. It is not to be taken 
as an admission that any or all of these matters form part of the prior art base 
or were common general knowledge in the field relevant to the present 
invention as it existed before the priority date of each claim of this 
application, 

25 Throughout this specification the word "comprise*', or variations such 

as '^comprises" or ^^comprising^ will be understood to imply the inclusion of a 
stated element, integer or step, or group of elements, integers or steps, but not 
the exclusion of any other element, integer or step, or group of elements, 
integers or steps. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

This patent contains at least one color photograph. Copies of this 
patent with the color photographs will be provide by tbe Patent and 
Trademark Office upon request and payment of the necessary fee. 
35 Figure 1 illustrates the in vitro internalization of EGF/CG/IL-l|i complex 

by macrophages. 
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Figure 2 illustrates the in vitro internalization of EGF/CG/TNF-a 
complex by dendritic cells. 

Figure 3 illustrates the in vitro internalization of EGF/CG/DL-S complex 
by B-<:ells. 

5 Figure 4 illustrates the in vitro internalization of EGF/CG/IL-2 complex 

by T cells. 

Figure 5 illustrates the production of human-anti-human TNF-a 
antibodies by the process of the invention. 

Figure 6a is a 200x bright field micrograph illustrating the giant cell 
10 formation induced by this long term incubation of isolated human 

lymphocytes with colloidal gold/TNF-a. Figure 6b is a 200x phase contrast 
micrograph bright field monograph of the same cells. 
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Figure 7 demons^ates the necessity of the colloidal gold to generate an 
antibody response to self proteins. 

Figure 8 illustrates that the gold stain is associated with free-floating 
clusters of activated B-cells, not macrophages ca^ dendritic cells. 
5 Figure 9 is a sdiematic drawing of a preferred embodiment of the 

present invention. 

Figure 10 is a graph showing the saturable binding kinetics of the 
delivery platfonn with TNF-a . 

10 DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS 
Enhancement of an Immune Response 

The present invention relates to compositions and methods for enhancing 
an immune response and incieasing vaccine efficacy through the simultaneous or 
sequential targeting of specific immune components. More particularly, specific inmune 

15 components including, but not limited to, antigen presenting cells (APCs), such as 
macrophages and dendritic cells, and lymphocytes, such as B cells and T cells, am 
individually effected by one or more component-specific immunostimulating agents. An 
especially preferred embodiment provides for activation of the immune response using a 
specific antigen in combination with the component-specific immunostimulating agents. 

20 As used herein, component-specific immunostimulating agent means an agent, that is 
specific for a component of the immune system, and that is capable of effecting that 
component, so XhBt the component has an activity in the immune response. The agent 
may be capable of effecting several different components of the immune system, and 
this capability may be employed in the methods and compositions of the present 

25 invention. The agent may be naturally occurring or can be generated and manipulated 
through molecular biological techniques or protein receptor manipulation. 

The activation of the component in the immune response may result in a 
stimulation or suppression of other components of the immune response, leading to an 
overall stimulation or suppression of the immune response. For ease of expression, 

30 stimulation of immune components is described herein, but it is understood that all 
responses of immune components are contemplated by the term stirmilation, including 
but not limited to stimulation, suppression, rejection and feedback activities. 

The immune component that is effected may have multiple activities, 
leading to both suppression and stimulation or initiation or suppression of feedback 

35 mechanisms. The present invention is not to be limited by the examples of 
immunological responses detailed herein, but contemplates component-specific effects 
in all aspects of the immune system. 
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The activation of each of tihe components of the immune system may be 
simultaneous, sequential, or any combination thereof. In one embodiment of a method 
of the present invention, multiple component-specific immunostimulating agents are 
administered simultaneously. In this method, the immune system is simultaneously 
5 stimulated with four separate preparations, each containing a composition comprising a 
component-specific immunostimulating agent. Preferably, the composition comprises 
the component-specific immunostimulating agent associated with colloidal metal. More 
preferably, the composition comprises the component-specific immunostimulating agent 
associated with colloidal meial of one sized particle or of different sized particles and an 
10 antigen. Most preferably, ttie composition comprises the component-specific 
immunostimulating agent associated witfi colloidal metal of one siaasd particle and 
antigen or of differently sized particles and antigen. 

The inventors have found tfiat they could use certain component-specific 
immunostimulating agents provide a specific stimulatory, up regulation, effect on 
15 individual immune components. For example. Interlcukin-I^ (BL-IP) specifically 
stimulates macrophages, while TNF-a {Tumor Necrosis Factor alpha) and Flt-3 ligand 
specifically stimulate dendritic cells. Heat killed Mycobacterium butyricum and 
Interleukin-6 (IL-6) are specific stimulators of B cells, and Interleukin-2 (IL-2) is a 
specific stimulator of T cells. Compositions comprising such component-specific 
20 immuncBtimul^ing agents provide for specific activation of macrophages, dendritic cells. 
B cells and T cells, respectively. For example, macrophages ate activated when a 
composition comprising the con^nent-specific immunostimulating agent DL-ipis 
administered. A preferred ctHnposition is IL-lp in association with colloidal metal, md 
a most preferred composition is EL-lp in association with colloidal n^taJ and an antigen 
25 to provifte a specific macrophage response to that antigen. 

Many elements of the immune response are necessary for an effective 
vaccination. An embodiment of a method of simultaneous stimulation is to administer 
four separate preparations of compositions of component-specific immunostimulating 
agents comprising 1) IL-l^for macrophages, 2) TNF-a and Flt-3 ligand for dendritic 
30 cells, 3) IL-6 for B cells, and 4) IL-2 for T cells. The component-specific 
immunostimulating agent compositions may be administered by any routes known to 
those skilled in the art, and may use the same route or different routes, depending on the 
immune response desired. 

In another embodiment of the methods and compositions of the present 
35 invention, the individual immune components are activated sequentially. For example, 
this sequential activation can be divided into two phases, the primer phase and the 
immunization phase. The primer phase comprises stimulating APCs. preferably 
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macrophages and dendriUc ceUs, while the immunization phase comprises stimulating 
lymphocytes, preferably B cells and T cells. Within each of the two phases, activation of 
the individual immune components may be simultaneous or sequential. For sequential 
activation, a prefen^d method of activation is activation of macrophages followed by 
dendritic cells, followed by B cells, followed by T cells. A most preferred method is a 
combined sequenUal activation wherein there is simultaneous activation of the 
macrophages and dendritic ceils, followed by the simultaneous activation of B cells and 
T cells. This is an example of methods and compositions of multiple component- 
specific immunostimulating agents to initiate several pathways of the immune system. 

The methods and composiUons of the present invention can be used to 
enhance the effectiveness of any type of vaccine. The present methods enhance vaccine 
effectiveness by targeting specific immune components for activation. Compositions 
comprising component-specific immunostimulating agents in association vwth colloidal 
metal and antigen are used for increasing the contact between antigen and specific 
immune component. Examples of diseases for which vaccines arc currently available 
include, but are not limited to, cholera, diphtheria, Haemophilus, hepatitis A, hepatitis B. 
influenza, measles, meningitis, mumps, pertussis, small pox, pneumococcal pneumonia, 
polio, rabies, rubella, tetanus, tuberculosis, typhoid. Varicella-zoster, whooping cough, 
and yellow fever. 

20 The combin^ion of route of administtation and the packaging used to 

deliver the antigen to the immune system is a powerful tool in designing the desired 
immune response. The present invention comprises methods and compositions 
comprising various packaging methods, such as liposomes, microcapsules, or 
microspheres, that can provide long-term release of immune stimulating compositions. 
These packaging systems act like internal depots for holding antigen and slowly 
releasing antigen for immune system activation. For example, a liposome may be filled 
with a composition comprising an antigen and component-specific immunostimulating 
agents associated with coUoidaJ metal. Additional combinations are colloidal gold 
particles studded with viral particles which arc the active vaccine candidate or are 
packaged to contain DNA for a putative vaccine. The gold particle would also contain a 
cytokine which could then be used to target the vims to specific immune cells. 
Furthermore, one could create a fusion protein vaccine which targets two or more 
potential vaccine candidates and generate a vaccine for two or more applications. The 
particles may also include immunogens which have been chemically modified by the 
addition of polyethylene glycol which may release the material slowly. 

The antigen/conponent-specific immunostimulating agent/metal complex 
is slowly released from the liposome and is recognized by the immune system as 
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foreign and the specific component to which the component-specific immunostimuJating 
agent is directed activates the immune system. The cascade of immune response is 
activated more quickly by the presence of the component-specific immunostimulating 
agent and the immune response is generated more quickly and more specifically. 

Other methods and compositions contemplated in the present invention 
include using antigen/component-specific immunostimulating agent/colloidal metal 
complexes in which the colloidal metal particles have different sizes. Sequential 
administration of component-specific immunostimulating agents may be accomplished 
in a one dose administration by use of these differently sized colloidal metal particles 
One dose would include four independent component-specific immunostimulating 
agents complexed an antigen and each with a differently sized coUoidai metal particle. 
Thus, simultaneous administration would provide sequential activation of the immune 
components to yield a more effective vaccine and more protection for the population. 
Other types of such single-dose administration with sequential activation could be 
provided by combinations of differently sized colloidal metal particles and liposomes, or 
liposomes filled with differently sized colloidal metal particles. 

Use of such a vaccination systems as described above are very important 
in providing vaccines that can be administered in one dose. One dose administration is 
important in treating animal populations such as livestock or wild populations of 
animals. One dose administration is vital in treatment of populations that are resistant to 
healthcare such as the poor, homeless, nirai residents or persons in developing countries 
that have inadequate health care. Many persons, in all countries, do not have access to 
preventive types of health care, as vaccination. The rcemergence of infectious diseases, 
such as tuberculosis, has increased the demand for vaccines that can be given once and 
stUI provide long-lasting, effective protection. The compositions and methods of the 
present invention provide such effective protection. 

The methods and compositions of the present invention can also be used 
to treat diseases in which an immune response occurs, by sUmulating or suppressing 
components that are a part of the immune response. Examples of such diseases include, 
but are not limited to, Addison's disease, allergies, anaphylaxis, Bruton's syndrome] 
cancer, including solid and blood borne tumors, eczema, Hashimoto's thyroiditis, 
polymyositis, dcnmatomyositis, type 1 diabetes mellitus, acquired immune deficiency 
syndrome, transplant rejection, such as kidney, heart, pancreas, lung, bone, and liver 
transplants. Graves' disease, polyendocrine autoimmune disease, hepatitis, micixwcopic 
polyarteritis, polyarteritis nodosa, pemphigus, primary biliary cirrhosis, pernicious 
anemia, coeliac disease, antibody-mediated nephritis, glomerukinephritis, rheumatic 
diseases, systemic lupus erthematosus, rheumatoid arthriUs, seronegative 
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spondylarthritides, rtiinitis, Sjogren's syndrome, systemic sclerosis, sclerosing 
cholajigitis, Wegener's granulomatosis, dermatitis herpetiformis, psoriasis, vitiligo, 
multiple sclerosis, encephalomyelitis, Guillain-Banc syndrome, myasthenia gravis, 
Lambert-Eaton syndrome, sclera, episclera, uveitis, chronic mucocutaneous candidiasis, 
5 Urticaria, transient hypogammaglolKilinemia of infancy, myelortm, X*linked hyper IgM 
syndrome, Wiskott-Aldrich syndrome, ataxia telangiectasia, autoimmune hemolytic 
anemia, autoimmune thrombocytopenia, autoimmune neutropenia, Walctenstrom's 
macroglobuhnemia, amyloidosis, chronic lymphocytic leukemia, and non-Hodgkin's 
lymphoma, 

*^ The present application claims priority to, and herein incorporates by 

reference, in their entirety US. Provisional Application No. 6CV065,155, filed November 
10, 1997, and U.S. Provisional Application No. 60/075,811, filed February 24, 1998; 
and U.S. lYovisional Application, Number Not Assigned, filed November 6, 1998. 
Production of In Vitro Monoclonal Antibo^ p^^: 
^5 The methods and compositions of the present invention can further be 

used to produce antigen*specific, species-specific monoclonal antibodies that enhance 
immune response. These antibodies are produced, for example, by contacting in vitro an 
antigen, antigen presenting cells (APCs), immune cells, such as B cells, and optionally 
one or more component^specific immunostimulating agents. Once antigen-specific 
20 antibodies are deteoed, the activated immune oells are immortalized, for example, by 
fusing with human immortalized cancer cells. The resulting hybridomas can then be 
sciwned for specific antibody secretion and a single monoclonal antibody producing 
cell may then be isolated. 

The antigen, APCs, immune cells, and component-specific 
25 immunostimulating agent may all be introduced into the in vitro culture at the same time, 
Of^ionally, these various components may be added sequentially in any order or 
combination. The antigen and component-specific immunostimulating agent may be 
two distinct molecules, or may be present in the form of a complex. For example, an 
antigen may be complexed with different cytokines, which when added in a sequential 
30 fashion would stimulate specific cells in the culture in a predictable, stepwise fashion. 

Cells, such as APCs and B cells may be obtained from any source, 
preferably from peripheral blood. Peripheral blood from any scnirce may be used to 
produce tfie antigen-specific species-specific antibodies of the invention. Although the 
most significant use of the present invention is the production of human-anti-human 
35 antibodies, it is possible to use the process of the invention to devetop antigen-specific 
species-specific antibodies for other animal species as well. For the production of 
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human-anti-human antibodies, blood may be conveniently obtained from the American 
Red Cross. 

In a prefened embodiment^ it is desirable to separate the buffy coat from 
the rest of the whole blood. There are two separate components within the buffy coat 
5 that are important to the practice of the present invention. Th^e are the antigen 
preasnting cells (ATCs), such as macrophages, lymphocytes, Langcrtianns cells, and 
dendritic cells, and the B cells. B cells are also antigen presenting cells, but upon 
presentation with antigen, they produce an antibody response. Once separated from the 
whole blood, the entire buffy coat may be used, or the A PCs and B cells may be 

10 separated and used individually. Either of these components may be isolated and fro^n 
accwiing to procedures well known to those of oitlinary skill in the art, such as flow 
cytometry, magnetic cell separation, and cryopreservation, and used at a later time 
without affecting the generation of the antibodies. 

Although any combination of antigen, antigen presenting cells (APCs), 

15 component-specific immunostimulating agents, and B cells can be employed in vitro in 
the present invention in any manner, a preferred preparation employs the antigen bound 
to a colloidal metal. In this embodiment, the buffy coal or APCs arc placed in a vessel. 
Colloidal metal bound antigen is then added to the ves^l and incubated with the buffy 
coat or APCs. 

2^ The antigen bound colloidal n«al composition can be product by the 

method described below. The antigen bound colloidal m^l may be added to the buffy 
coat or APCs alone, or in the presence of adjuvants, immunogenic proteins, nucleotides, 
or accessory cytokine/immuostimulators which aid in the development of a Th2/B-<^11 
response. Optionally, these adjuvants, immuno^nic proteins, nucleotides, and 

25 acc^ory cytokine/immuostimulators may be bound to the colloidal metal in a manner 
similar to that by which the antigen was bound prior to incubation of the colloidal metal 
bound antigen with the buffy coat or APCs. 

If B cells are initially present, as when the entire buffy coat is used, their 
number may become depleted during incubation with the colloidal metal bound antigen. 

30 Therefore, after incubation, addition^ B cells are, optionally, added to the vessel. These 
B cells may be freely obtained, frojjm, or those separated from the buffy coat of the 
same sample. The APCs in the vessel activate the B cells to produce antibodies in 
response to the ^3ecif!c antigen bound to the colloidal metal. 

Once in vitro seroconversicwi is confirmed, the cells are immortalized. 

35 Thei^lls can be immortalized by several different methods, for example, by fusion with 
immortalized cancer cells to produce hybridomas or by transfecting the antibody 
producing cells with oncogenes, such as ras, or with viruses, such as Epstein Barr virus. 
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However, any method which produces imitsortalized cells is contemplated by the present 
invention. Noniimiting examples of immortalized cancer cell lines which am useful in 
the present invention arc K6H6/B5 cells, HUNS-1 (US Patent 4J20.459X KR-12 (US 
Patent 4,693.975), WI^L2-729HF2 (US Patent 4,594,325). UC 729^6 (US 

5 Patent 4.451,570), SKO-007, clone J3 of SKO-007, GK5, and LTR-228 (US Patent 
4,624.921), 

Although immortaliztion of the primary clones may be accomplished in 
any manner, the following is one preferred metfiod. Immortalized cancer cells are added 
directly to the vessel containing the seroconverted cells. After incubation, the cells aie 

10 washed in serum free DMEM (Delbecco*s Minimum Essential Medium), PBS 
(Phosphate Buffered Saline), or any serum free physiologic buffer The cells may then 
be fused, for example, using a 40% to 100% PEG solution diluted in serum free 
DMEM. The fused cells may then be washed and the pellet reconstituted in a 50% 
DMEM/RPMI media containing 10% fetal bovine serum (PBS), 10% Origen™, the 

15 antigen cocktai! mentioned above and a selective media, such as the hybridoma selecting 
agent HAT at a final concentration of 10%. The cells are s^ded into 96 well tissue 
culture plates in 150 |il aiiquots. To increase the proliferation of clones, the cells may, 
optionally, be stimulated by the addition of the initial antigen or antigen/component- 
specific immunostimulating agent mixmre such as those used in the initial 
20 immunizations. 

Hie ceils may be grown in HAT (hypozanttiine, aminopterin, thynnJdine) 
containing medium for approximately two weeks. Then a nonselective media, such as 
HT (hypozanthme, thymidine) is substituted for the HAT as a selection drug. After 
another incubation of about two weeks, the cells are grown in a growth media, such as 
25 50% DMEM/RPMI supplemented with the antigen cocktail, 10% Origen™, and 10% 
FBS. 

The samples can be tested for the presence of antigen-specific antibodies 
during any of the phases of growth and are preferably tested during all phases of 
growth. This testing may be done by any common immunological procedure, such as 
30 RIA, EIA. ELIZA, Rtt>» or Ouchterlony test. Positive clones are then scaled-up from 96 
well plates, for example, to 6 well plates. At this point the clones can be frozen for later 
use. 

The activity of the clones can be tested by methods known to those in the 
art, such as by generating ascites in pristine primed mice. The ascites are purified, and 
35 then the antibody is tested for its ability to neutralize bioactiviry in a well characterized 
cell line, for example, the TNF sensitive cell line, WEHI 164. Qones which demonstrate 
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neutralizing ability may then be scaled^up to generate larger quantities of purified 
antibody. 

In anodier embodiment of the present invention, the buffy coat or APCs 
may be incubated simultaneously with the colloidal metaJ bound antigen and optionally 
5 an adjuvant. This type of incubation has been found to change the type of 
immunoresponse elicited from a Thl like response, in which the colloidaJ metal antigen 
is associated with the APCs which may or may not contain cellular elements, to a Th2^ 
type response in which the colloidal metal bound antigen is associated with the free- 
floating clusters of B cells. 

Component-Stimyla|infr Comp ositions 

The con^ositions of the present invention comprise conponeni-spe^ific 
immunostimulating agents. Such a composition may comprise one component-specific 
immunosttmulating agent or multiple component-specific immunostiniulating agents. In 
one preferred embodiment, the composition comprises component-specific 
15 immunostimulating agents in association with colloidal metals. More preferably the 
compositions comprise component-specific immunostimulating agents in association 
with colloidal metals and other elements for sf^cifically targeting the effect of the 
component-specific immunostimulating agents, including, but not hnmited to. antigens, 
receptor molecules, nucleic acids, pharmaceuticals, chemotherapy agents, and carriers. 

The compositions of the present invention may be c^livered to the 
immune compoi^nts in any manner In another jHefenred embodiment, an antigen and a 
component-specific immunostimulating agent are bound to a colloidal metal in such a 
manner that a single colloidal particle is bound to both the antigen and the 

immunostimulating agent In another embodiment, multiple antigens and/or multiple 
25 component'Specific immunostimulating agents are bound to a single colloidal mml 
particle. The combinations of antigen and component-specific irtununostimulating 
agents, and other elements, with one or more colloidal metal particles is contemplated by 
the present invention. Administration of one or several of these complexed metal 
particles is comprised within the methods of the presci^ invention. 

I" another embodiment, the component-specific immunostimulating 
molecules of the present invention comprise a delivery stmcturc or platform. The 
component'specific immunostimulating molecule and/or the antigen/vaccine may be 
bound directly to the platfomn or may be bound to the platform throug members of a 
binding group. A preferred embodiment of the present invention comprises a colloidal 
35 metal as a platfom that is capable of binding a member of a binding group to which 
component-specific immunostimulating agents and putative antigen/vaccines are bound 
to cnsate a targeted immune-enhancing agent. In a most preferred embodiment, the 


wo 99/24066 


24 


PCT/US98/239S7 


binding group is streptavidin/biotin and the component-spccific immunostimulating 
agent is a cytokine. Embodiments of the jH^ent invention may also comprise binding 
the antigen/vaccine in a less specific n^thod, without the use of binding partners, such as 
by using polycations or proteins. 
5 The present invention comprises methods and compositions for targeted 

delivery of component-specific immunostimulating molecules that use colloidal metals 
as a platform. Such colloidal metals bind, either reversibly or irreversibly, molecules that 
inter^t with either an antigen/vaccine or component-specific immunostimulating agents 
or antigen/vacciiK, The interaddng molecules may either be specific binding molecules. 
10 such as members of a binding pair, or may be rather nonspecific interacting molecules 
that bind less specifically. TTie present invention contemplates the use of interacting 
molecules such as polycationic elements known to those skilled in the art including, but 
not limited to, polylysine, protamine sulfate, histones or asialoglycoproteins. 

The members of the binding pair comprise any such binding pairs 
15 known to those skilled in the sfft, including but not linnited to, antibody-antigen pairs, 
enzyme-substrate pairs; receptor-ligand pairs; and streptavidin-biotin. Novel binding 
partners may be specifically designed. An essential element of the binding partners is 
the specific binding between one of the binding pair with the other member of the 
binding pair, such that the binding partners are capable of being joined specifically. 
20 Another desired elemient of the binding members is that each member is capable of 
binding or being bound to either an effector molecule or a targedng molecule. 

The compositions and methods of the present invention comprise the 
variations and combinations of mixtures of the above described binding ca{^ilities and 
methods. For example, an embodiment of the present invention comprises the 
25 component-specific immunostimulating molecules bound directly to tte metallic 
platform and the antigen/vaccine being bound to the metallic platform through either 
specific or less specific binding by integrating molecules, such as binding the binding 
pairs described above. Another embodiment of the present invention comprises the 
antigen or vaccine bound directly to the colloidal metal platform and the component- 
30 specific immunostimulating molecule bound through either specific or less specific 
binding by integrating molecules. In still another embodiment, the present invention 
comprises the binding of both the component-si^cific immunostimulating molecules 
and the antigen/v^cine to the metallic platform through specific or less specific binding 
by integrating molecules or the direct binding of the component-specific 
35 immunostimulating molecules and the antigen/vaccine to the metallic platform. A still 
further embodiment of the present invention comprises binding the component-specific 
immunostimulating nK>lecules bound to the metallic platform through binding by the 


wo 99/24066 


25 


PCTAJS9g/23^S7 


less specific integrating molecule binding and the antigen/vaccine bound to the metallic 
platform by the binding of cxjixiplementary binding memters. Other combinations and 
variations of such embodiments arc contemplated as part of the present invention* 
Method for Binding of Compos ition Components to Platform 
5 Each of the elements of the compositions may be bound, separately or in 

combinatiorB, to the colloidal metaJ by any method. However, a preferred method for 
binding the elements to the colloidal metal is as follows, in this example, the 
composition comprises an antigen and a component-^specific immunostimulating agent, 
though the method is not limited to this embodiment. The antigen is reconstituted in 

10 water. Approximately 50 to 100 |ig of antigen is then incubated with colloidal metaL 

The pH of tte colloidal antigen mixture may have to be adjusted so that it 
is 1-3 pH unites above the pi of the component specific agent Subsequently, 50-100 
Mg of the component specific agent is added to tfie antigen colloidal mixatm and 
incubated for an additional 24 hours. During this time, the targeting component specific 

15 agent becomes incorporated into the antigen gold complex resulting in an immune 
component targeted antigen delivery system. The inventors have successfully performed 
such exi^riments and in fact have linked up to 3 different moieties on the same colloidal 
metal particle. 

After the binding of the component specific agent to the antigen/Au the 

20 mixmre is stabilized by the addition of a 1% v/v soluuon of 1-100% polyethylene 
glycol. Other stabilizing agents may include Brij 58 and cysteine, other sulftiydryl 
containing compounds, phospholipids, polyvinylpyrdidone, poiy-L-lysine and/or poly- 
L-proline, The mixture is st^ilized overnight aiKi subsequently centrifiiged to separate 
the bound antigen and component specific agent from unbound material. The mixuire is 

25 centrifiiged at 14,000 rpms for 30 min*, the supematant removed and the pellet 
resuspended in water containing 1% aibumin. This procedure has a i^latively high 
efficiency of coupling the antigen and targeting component since 75% to 95% of both 
moieties are bound. Furthermore, free material which is not bound to the colloid is 
separated by centrifugation. 

30 Exemplified Componen| s 

The term "colloidal metal," as used herein, includes any water-insoluble 
metal particle or metalUc compound as wcU as colloids of non-metal origin such as 
collodtal csibon dispersed in liquid or water (a hydrosol). Examples of colloidal metals 
which can be used in the present invention include, but are not limited to, metals in 

35 groups DA, IB. IIB and DIB of the periodic table, as well as the transition metals, 
especially those of group Vm. Preferred metals include gold, silver, aluminum, 
ruthenium, zinc, iron, nickel and calcium. Other suitable metals may also include the 
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following in all of their various oxidation states: lithium, sodium, magnesium, potassium, 

senium, iitanium. vanadium, chromium, mang^^se, cobalt, copper, gallium, strontium, 

niobium, molybdenum, palladium, indium, tin, tungsten, rhenium, platinum, and 

gadolinium. The metals anc preferably provided in ionic form (preferably derived from 

3-f 3^ 2+ 3-1- 2+ 
5 an appropriate metal compound), for example, the Al , Ru , Zn , Fe , Ni and 

Ca ions, A preferred m^ is gold, particularly in the form of Au , An especially 
preferred form of colloidal gold is HAuCl4 (E-Y Laboraiories, Inc., San Mateo, 
California). Another preferred metal is silver, particularly in a sodium borate buffer, 
having the concentration of between approximately 0.1% and 0.001%, and most 

10 preferably as approximately a 0,01% solution. The color of such a colloidal silver 
solution is yellovi^ and die colloidal particles range from 1 to 40 nanometers. Such metal 
ions may be presait in the complex alone or v^ith other inorganic ions; 

Any antigen may be used in the present invention. Examples of antigens 
useful in the present invention iiKrlude, but are not limited to, Interleukin-l ("IL-l"), 

15 Interleukin-2 {"IL-2"), hiterleukin-3 ("IL-3"), Interleukin-4 Interieukin-S 
ClL-5"). Interleukin-6 (*lL-6"), Interieukin-? ("IL-7"), Interleukin-8 
Interieuktn-lO ("IL-IO"), Interieukin- 1 1 (**IHr'), Interieukin- 12 {"IL-12"), 
Interieukin- 13 C*IL-13"), lipid A phospholipa&e A2, endotoxins, staphylococcal 
enterotoxin B arid other toxins. Type I Interferon, Type II Interferon, Tumor Necrosis 

20 Factor ("TNF-a"), Transforming Growth Factor-^ (*TGF- p'OLympholoxin, 
Migration Inhibition F^tor, Granulocyte-Macrofrfiage Colony-Stimulating Factor 
C"CSF'), Monocyte-^Macrophage CSF, Granulocyte CSF, vascular epithelial growth 
factor ("VEGF"), Angiogenin, transfomiing growth f^tor {*TGF-a"), heat shock 
proteins, carbohydrate moieties of blood groups^ Rh factors, fibroblast growft factor, 

25 and otfier tnflammatoiy and immune legulatory proteins, nuclccM:ides, DNA, RNA, 
mRNA, sense, antisense, cancer cell specific antigens; such as MART, MAGE, BAGE, 
and heat shock proteins (HSPs); mutant p53; tyrosinase; autoimmune antigens; 
immunotherapy drugs, such as A2T; and angiogenic and anti -angiogenic drugs, such as 
angiostatin, endostatin, and basic fibroblast giowth factor, and vascular endothelial 

30 growth factor (VEGF). 

The component-specific immunostimulating agent may be any molecule 
or compound which increases the APC's ability to stimulate the B cell's production of 
antibodies. Examples of component-specific immunostimulating agents include, but are 
not limited to, antigens, colloidal metals, adjuvants, receptor moelcules, nucleic acids, 

35 immunogenic proteins, and accessory cytokine/immuostimulators, phanmaceuticals, 
chemotherapy agents, and carriers. These component-specific immunostimulating 
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agenls may be employed separately, or in combinations. They may be employed in a 
free state or in complexes, such as in combination with a colloidal metaL 

Adjuvants useful in the invention include, but are not limhed to, heat 
killed M Butyricum and M, Tuberculosis. NonlimiUng examples of nucleotides are 
5 DNA, RNA, mRNA. sense, and antisense. Examples of immunogenic proteins include, 
but are not limited to, KJLH (Keyhole Limpet Cyanin), thyroglobulin, and fusion 
proteins which have adjuvant and antigen moieties encoded in the gene. 

Accessory cyiokine/immuostimulators inclucte, but are not limited to, 
Interleukin^l ("IL-T'X Interleukin-2 riL^2"), Imerieukin^3 ("IL-S^), Interleukin-I 
10 Interleukin 5 (*1L*5"), lnterleukin-6 riL^6' ), Imerleukin»7 C*IL-7*'), 

Interleulcin-8 ("IL-8"), Interleukin-10 (*1L- 1 0"), Interieufcin^l I ("IL* 1 1 '0, 
Interleukin* 1 2 0'IH2*'), Interleukin^ 13 lipid A, phospholipase A2, 

endotoxins, staphylococcal enterotoxin B and other toxins, Type I Interferon, Type U 
Interferon, Tumor Necrosis Factor ("TNF-a"), Transforming Growth Factor-p 
("TGF-p") Lymphotoxin, Migration Inhibition Factor, Granulocyte-Macrophage 
Colony-Stimulating Factor CCSr'), Monocyte-Macrophage CSF, Granulocyte CSF, 
vascular epithelial growth factor ("VEGF^, Angiogenin, transforming growth factor 
("TGF-a"), heat shock proteins, carbohydrate moieties of blood groups, Rh factors, 
fibroblast growth factor, and other inflammatory and immune regulatory proteins, 
20 nucleotides, DNA, RNA, mRNA, sense, antisense, cancer cell specific antigens; such as 
MART, MAGE, BAGE, and HSPs; f]t3 ligand/receptor system; B7 famdiy of molecules 
and receptors; CD 40 ligand/receptor; and immunotherapy dnigs, such as AZT; and 
angiogenic and anti-angjogenic drugs, such as angiost^in, endost^n, and basic 
fibroblast growth factor, and vascular endothelial growth factor (VBGF). 

Methods and compositions, other than the use of colloidal metal, can be 
used to deliver the component-specific immunostimulating agents, alone or in 
combination with antigens or other elements. For example, the compositions may be 
encapsulated in a liposome or microsphere or may be delivered by means of other cell 
delivery vehicles, such as a viral vector Additional combinations are cdloidai gold 
panicles studded with viral particles which arc the active vaccine candidate or are 
p^kaged to contain DNA for a putative vaccine. The gold particle would also contain a 
cytokine which could then be used to target the virus to specific immune cells. 
Furthermore, one could create a fusion protein vaccine targets two or more potential 
vaccine candidates and generate a vaccine for two or more applications, TT^ particles 
may also include immunogens which have been chemically modified by the addition of 
polyethylene glycol which may release the material slowly- 
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The componenNspecific immunostimuiating agents may be delivered in 
their nucleic acid form, using known gene therapy methods, and [roduce their effect 
after translation. Additional elements for activation of immune components, such as 
antigens, could be delivered simultaneously or sequentially so thai the cellularly 
5 translated component-sf^cific immunostimuiating a^nts and externally added elements 
work in concert to specifically target the inimune response. 

This invention is further illustrated by the following examples, which are 
not to t>e construed in any way as imposing limitations upon the scope thereof. On the 
contrary, it is to be clearly understood that resort may be had to various other 
10 embodiments, modifications, and equivalents thereof which, after reading the description 
heiein, may suggest themselves to those skilled in the art without departing from the 
spirit of the present invention and/or the scope of the appended claims. 

Experimental Data 

15 Example i 

The following is the general experimoital protocol that was followed for 
bmding a molecule, whether antigen or component-sp^ific immunostimuiating agent, to 
colloidal gold. The molecule was reconstituted in water, 200 jxg of the molecule was 
incubated with 25 mL colloidal gold for 24 hours. The molecule/colloidal gold complex 

20 solution was dien centrifuged at 14,000 rpm for 20 minutes in a micro centrifuge ^ 
room temperature. The supernatant was then removed from the pellet, 

EXAMPLE 2 

50 Mg of epidermal growth factor (EGF) v/as bound to 25 ml of 40nm 
25 colloidal gold particles at a pH of 1 1 .0. The solution rocked on rocking platform for 24 
hours. 50 Jig (added as 50 pj) of targeting cytokine (i.e„ IL-lB to target macrophages, 
IL-2 to target T cells, IL-6 to target B cells, and either TNF alpha or Flt-3 Ligand to 
target dendritic cells) was added to the EGF/Au solution and rocked for an additional 24 
hours. To separate colloidal gold bound and unbound material the solution was then 
30 centrifuged at 14,000 rpm. The supernatant was removed and the pellet was 
reconstituted in 1 ml of water containing 1% human semm albumin. 

Example 3 

EGF was bound to colloidal gold (CG) using the procedure in Example 
35 2. Tumor Necrosis Factor-a (TNF-a) was then bound to the EGF/CG complex using 
the procedure of Example 1 to produce an EGF/CG/TNF-a chimera. 
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EXAMFHLE4 

EGF was bound to colloidal gold (CG) using the procedure in Example 
2. Interleukin-6 {IL-6) was then bound to the EGF/CG complex using the procedure of 
Example 1 lo produce an EGF/CG/IL-6 chimera. 

Examples 

EOF was bound to colloidal gold (CG) using the procedure in Example 
2- Interlcukin-2 (EL-2) was then bound to the EGF/CG complex using the procedure of 
Example I to produce an EGF/CG/EL-2 chimera. 


EXAMPLE 6 

The buffy coat was separated from a sample of whole blood as is well 
known in the an. 100^500 mL of whole blood was collected on heparin. The blood was 
carefully layered onto a 50% (v/v) ficoll-hypaque solution and centrifiiged at 2700 ipm 
15 for 7 minutes. The buffy coat, the collection of white blood cells at the serummcoll 
interface, was collected with a Pasteur pipette and placed into 10 mL of PBS containing 
0.5 mgML heparin. The were centrifuged at 1500 rpm and the pellet washed and 
recentrifuged. The cells were washed 2X in the PBS solution and centrifiiged once 
again. 

20 The cells were resuspended in RPMI containing either 10% fetal bovine 

or normal human serum and culaired in 6-well plates at a cell density of 10^ cells/well. 
The cells were then stimulated with 50-100 |iL of one or all of the antigen/cytokine 
mixtures. 

As shown in Figure 1, only macrt^hages internalized the EGF/CG/IL-16 
25 chimera, while only dendritic cells internalized the EGF/CG/TNF-a chimera (Figure 2) . 
Similarly, only B cells internalized the EGF/CGfIL-6 chimera (Figure 3). and only T 
cells internalized the EGF/CG/lL-2 chimera (Figure 4). 

As shown by this experiment, certain component-specific 
immunostimulating agents are specific for individual immune components. Thus, it is 
30 possible to target specific immune components with component-specific 
immunostimulating agents, thereby enhancing their immune response resulting in 
increased activity in the overall immune response. 


Example 7 

For this example staphyloccal enterotoxin B was used as the putative 
antigen/vaccine molecule, since there is evidence that binding the toxin to colloidal gold 
reduces its toxicity. 500 ng of die toxin was initially bound to 250 ml of 40 nm 
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colloidal gold particles. The colloidal solution was then aliquotted. 50 ug of a targeting 
cytokine (IL-lfi. E.-2. IL-6 and TNFa)was added to one of the aliquots and re- 
incubated for 24 hours. The toxin-AU-cytokine colloid was centrifugcd at 14,000 rpm 
and the supernatant removed The pellet was reconstituted to 1 ml of water. The pellet 
was assayed for cytokine concentration by either sandwich or competiUve EUSA. This 
was done to determine the amount of neat cytokine (unbound) that was to be injected in 
control animals receiving saline or toxin alone. 

The immunization strategy involved simultaneous or sequential 
administration of neat toxin/cytokine mixture (as composition controls) or the toxin-Au- 
cytokine chimera. 5 mice/group were injected on days 1, 5 & 9 with either 2.5 ug neat 
toxin or the same dose of toxin/cytokine mixture bound to colloidal gold. IXiring the 14 
day immunization period two additional groups of mice received the neat toxin/cytokine 
or toxin-Au-cytokine following the schedule provided in Table 1. 

Table 1 


uay 
1 

Group Type 
Control 

Treatment Injected 

Neat toxin + Neat IlL- 1 P -t- 

Neat TNFa 

Gold 

Toxin-Au-lL-ip + 
Toxin-Au-TNFa 

5 

Control 

Neat toxin + Neat VL-6 

OoJd 

Toxin AU-n.-6 

9 

Control 

Neat toxin + Neat lL-2 

Gold 

Toxin-AU-lL-2 


All groups were rechallenged with 1 fig of neat toxin alone on day 30. 
Protective immunization was demonstrated by the reduced or l^k of ^ility of the neat 
toxin to induce morbidity. The key observation is that the toxin bound to colloidal gold 
greatly reduced toxicity of the toxin. Secondly, senim antibody titers to the toxin 
were lOX higher than those receiving neat treatment alone. However, the serum 
antibodies of animals receiving the sequential treatment were 100 times greater than the 
animals receiving the neat treatment. Finally, upon the rechallenge with the neat toxin 
100% of the animals treated with toxin died whereas only 20% fatality was observed in 
the simultaneous group. 

Tlius the compositions and methods of the present invention can be used 
to increase the efficacy of a vaccine. 
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Example 8 
Binding of Cytokine to Colloidal Gold 

Human TNF-a was ^constituted m water at a pH of 1 1 to a final 
concentration of I ug/mL 300 ug of recombinant human TNF^a was incubated 
5 ovemighl with 25 ml of 30-40 nm coIl<Mdal gold particles on a rocking platform while 
mixing. 

The 25 ml of colloidal gold bound TNF-a solution was divided in half. 
One aliquot was blocked with 125 fil of 100% PEG solution. The other aliquot was not 
blocked. The two aliquots were placed back on the rocking platfCHm and incubated an 
10 additional I to 5 days. 

The two aliquots were then centrifuged at 14,0(X) rpm for 20 minutes. 
The supernatant was then removed from the pellet. The pellets were blocked by 
reconstitution with 10 m! of a 1% solution of human serum albumin (HSA) in water at a 
pHof IL 

^5 I'he aliquots were mixed on a rocking platform for 6 hours, TTie aliquots 

wens then centrifuged at 14,000 rpm for 20 minutes and i^onstituted in 3.5 mi of 1% 
HSA in water at a pH of 1 1 , 

EXAMPLE 9 

20 Generation of Human- Anti-Human TNF- a Antibodies 

The buffy coat was separated from peripheral blood by ficollation and 
washed with PBS containing 0.5 mg/mJ heparin and EDTA. The cells weie placed into 
a IO-T-75 culture flasks. The cells were cultured for two weeks in RPMI with 10% heat 
inactivated fetal bovine serum, 10% Origen'^^ and 100 ng/ml of cytokine cocktail which 

25 is composed of the following cytokines: lL-4, IL-6, IL-7, EL-IO, tt.-l 1, stem cell factor 
C'SCP"), GMCSF, and GSF, both alone and bound to colloidal gold. 

Example 10 

EUSA Assay for Human- Anti- Human TNF-oc Antibodies 
30 1 ml aliquots were taken from three of the flasks of cells treated as 

shown in Example 9 and centrifuged at 1,5(X) rpm for 15 minutes. Th& supernatant was 

collected and stored at '20*^C, 

Recombinant human TNF was coated onto the wells of a microtiter plate 
in a caj^bonateAjicarbonate buffer. The plate was washed four times with TBS having 
35 2.0 ml/1 Tween 20. 100 \i\ of the supernatant was added to each well. Control wells 
received unu^d growth medium. The samples were incubated overnight at room 
temperature. 
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The plates were then washed and 100 jil of an alkaline-phosphatase 
conjugated goat-anti-homan IgG, diluted 1:1000 (in IBS + 0.1% BSA), was incubated 
with the wells for 1 hour. The plates were then rewashcd and 100 ftl of the alkaline 
phosphatase substrate (pNPP) was incubated with the wells until appropriate color 
5 developed. 

The results of this assay are illustraied in Figure 5. This figure shows 
that human-anti-human TNF-a antibodies were produced by the method of the 
invention as described in Examples 8 and 9. 


10 

EXAMPLEU 

Cell Fusion and Hybridoma Selection 

Once in viiro seroconversion of tiie cells in Example 9 was confirmed, 

6 7 

10 -10 K6H6/B5 myeloma cells were added directly into the vessel in which the 
1 5 seroconverted cells were detected. The cells were gently mixed, collected and centrifiiged 
at 1,200 rpm for 15 minutes. The supernatant was mmoved, and the pellet washed in 
serum free DMEM. The cells were centrifuged one last time, and the supernatant 
completely removed. The pellet was gently tapped loose, and the cells fused by the 
addition of a 53% PEG 1450 solution according to the slr^egy described in the table 
20 below. 

The PEG solution was added to the cells using the following method and 
incubations, while shaking the cells at 37°C: 


Time 

Volume of PEG ^ded (dropwise) 

Omin 

0,5 mJ over 30 seconds and wait 30 seconds 

1 min 

0.5 ml over 30 seconds and wait 30 seconds 

2 min 

1 ,0 ml over 60 seconds and wait 60 seconds 


Next, serum free DMEM was added to the cells using the following schedule. 


Time 

Volume of DMEM added (dropwSe) " 

0 min 

1 .0 ml over 30 seconds and wait 30 seconds 

4 min 

1 .0 ml over 30 seconds and Wait 30 seconds " " ' 

5 min 

8,0 ml over 60 seconds and wait ^ seconds 

7 min 

1 5.0 ml over 60 seconds and incubate 1 minute 
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The cells were subsequently centrifuged at 1,200 rpm for 15 minutes. 
The supernatant was removed, and the pellet was reconstituted in a 50% DMEM/RPMl 
5 media containing 10% FBS, 10% Origen™, the cytokine cocktail mentioned above and 
the hybridoma selecting agent HAT at a final concentration of 10%. The cells were 
initially seeded into five 96 well tissue culture clusters in 150 |il aliquots. To increase the 
proliferation of clones, the cells wore also stimulated with 25 |il colloidal gold bound 
TNF-a used in the initial immunizations. 

The cells were grown in HAT containing medium for two weeks, after 
which HT was substituted for the HAT as a selection drug Following two weeks of 
growth, the cells were grown in 50% DMEM/RPMI media supplemented with the 
cytokine cocktail, 10% Origen™, and 10% FBS. 

15 Example 12 

Testing of Supematants for Positive Antibody Function 

The presence of TNF-a-specific antibodies in the samples in Example 
13 was tested during all phases of the growth. The supematants were initially tested by 
direct EIA and then by an in vitro assay which measures the inhibition of proliferation 

20 of WEHI cells in a dose-dependent manner by TNF^a, Positive clones were scaled-up 
from original 96 well plates to 6 well plates. Subsequently, all clones testing positive 
were scaled-up for cryopreservation, as well as the generaticm of 5 ml of ascites in 
pristine primed mice. The ascites were purified, and the antibody tested for its ability to 
prevent die inhibition of proliferation of WEHI cells by TNF a. Hie ^ility of the 

25 purified antibody to block bioactivity indicated its neutralizing activity. 

Clones demonstiating neutralizing activity were scaled-up to generate 10- 
100 mg of purified antibody. These antibodies were initially screened for the in vivo 
neuu-alization of exogenously administered TNF-a. 

^0 EXAMPLE 13 

Effect of Colloidal Gold Bound TNF a on Cell Surface Markers Determined by Flow 
Cytometry 

Buffy coats were obtained from the American Red Cross and were 
separated using ficoL The lymphocytes were washed 3 times with PBS containing 0,2 
35 mg/nnJ heparin and again treated with ficoL After washing, 1-5 million cells per well weic 
seeded in 9-12 well tissue culture clusters in DMEM supplemented with 10% FBS, 
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Each well contained 2 ml of cither (I) media alone. (2) 0.5 ug/ml of the 
mitogen phytohemaglutinin (PHA) (for the induction of a T cell response). (3) l.O ug/mJ 
of the mitogen lipopolysaccharides (LPS) (for the induction of an inflammatory 
response), or (4) a combination of the mitogens LPS & PHA each at a final 
> concentration of 0.5 & 1.0 ug^ml. respectively. Note that it is possible to use other 
mitogens, such as Pokeweed mitogens, as well as other agents including superantigens, 
such as staphylococcal enterotoxin A and B in this assay. The cells were stimulated 
with either mitogens (PHA or LPS) alone, or mitogens in the presence of either 
gold/TNF-a which has been stabili^i^ with polyethylene glycol (PEG) in HSA (human 
semm albumin) or goldmJF-a which has been treated with HSA alone. The culture 
plates were harvested for flow cytometric analysis of the cell suifiice, ccU activation 
maikers, and cytokine expressions. 

The cells were ^alyzed for changes in their CD4, CDS and CD 19 levels 
as well as activational marker CD69 using a Bcckton Dickinson Facscalibur and the 
Becton Dickinson tritest MAB set. This was done by collecting the cells, centriftiging, 
and removing 1.8 ml of supernatant. The cells were tituiated. i.e., tiie cellular pellet was 
resuspended, and 75 nl samples were incubated with the appropriate MAB according to 
the manufatmirer's instructions. 

Although flow cytometty did nc« detect any differences in the CD4, CD8 
20 or CD19 levels between the control and gold treated cells 24-48 hours after treatment, 
visual inspection of the plates revealed that cluster-like formations had formed in both 
naive and gold treated cells. Yet, in the cells treated with colloidal-gold conjugated TNF- 
a, the number of clusters appeared larger and in greater frequency and cell density. 
More interestingly the surrounding cells appeared to migrate towaid the gold treated 
25 clusters. This may reflect the TNF-a leaching off the gold because tfiere was a definite 
gradation of cell migration. In addition, the cellular migration was not as striking in cells 
treated with PEG-stabilized gold bound TNF-a, indicating that the TNF was not 
leaching off the gold or leadiing off to a much lower degree. 

Forty-eight hours after mitogen treatment typical conditioning of the 
30 media induced by the stimulation of the white blood cells with PHA was observed. 
However, the cells in the wells treated with gold bound TNF-a that is stabilized with 
PEG or that is unstabilized exhibited significantly less conditioning of the media, 
indicating that the goidn"NF-a was blocking the PHA-induced mitogenesis. This may 
indicate that the colloidal gold blocks a Thl-like T cell response. 
35 Although flow cytomcttic analysis did not reveal any significant changes 

in CD4, CDS, or CD 19 cell populations within 24-48 hours after stimulation, trafficking 
of the colloidal gold bound TNF-a into several cell types was (Aserved. While control 
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cells had a normal transparent phenotype, the stabilize and unstabiliz^d gold imMed 
cells had concentrations of the gold stain in several locations on the cells as well as cell 
clusters. The distribution of the gold was varied from a central intracellular location to 
the cell surface. Also, tl^ material appeared in multiple cdl types, including rounded as 
5 well as dendritic cells. In rounded cells the localization of the gold material was either in 
the nucleus or on one side of the c^U surface. Although not identified by cell surface 
markers, the rounded cells are thought to be differentiating monocytes/macrophages 
because of their ability to form giant cells. (Figures 6a and 6b) The colloidal gold stain 
disappeared with time ami, therefore, does not appear to be permanent. This indicates 

JO that the colloidal gold/TNF-a mixture was being metabolized once it entered the celL 
However, the cells retained their ability to uptake colloidal gold since the stain 
leappeared upon restimulation with colloidal gold bound TNF-a. 

Figure 6a is a 200x bright field micrograph illustrating the giant cell 
formation induced by diis Ictfig term incubation of isolated human lymphocytes with 

15 colloidal go\drrNF-a. Figure 6b is a 200x phase contrast micrograph bright field 
monograph of the same cells. 

Example 14 

Lymphocytes were isolated from the buffy coats of human peripheral 
20 blood obtained from the American Red Cro^. The lymphocytes were treated with either 
(1) colloidal gold alone, (2) colloidal gold bound with human ^nim albumin (HSA), or 
(3) colloidal gold bound with TNF-a. Each group was divided into two aliquots. One 
aliquot was blocked with 1% PEG, and the other remained untreated. 

The primary cell type which took up the gold or gold/HSA group was 
25 the macrophage. This was confirmed by giant cell formation. However, as illustrated by 
Figure 7, the primary cell type taking up lh» gold in the TNF-oc/gold group had the 
elongated form of dendritic cells. 

This result is indicative of r^eptor mediated binding of the colloidal gold 
bound TNF-a. Additionally, the requirement of TNF-a for the differentiation of 
30 dendritic cells suggests that the colloidal gold bound TNF-a retained its biologic 
activity. 

EXAMPLE 1 5 

This experiment was desigr^d to determine the effect of adjuvant 
35 components on the uptake of colloidal gold by isolated lymphocytes. The experiment 
was performed in the same manner as Examples 6 and 7, except that an additional group 
of cells was included. These cells received 100 jil of a LO mg/ml suspension of heat 
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killed Mycobacterium Butyricum. This bacteria is routinely used in adjuvant preparation 
for antibody generation. 

As illustrated in Figure 8, the gold stain was no longer associated with 
either the macrophage or dendritic cells, but was associ«ed whh free-floating clusters of 
cells, which may be activated B-cells. Phenotypying studies are currently underway to 
confirm this hypothesis. 

Example 16 

Streptavidin bound to colloidal gold exhibited saturable binding kinetics. 
For this experiment 500 |ig streptavidin was bound to 50 mJ of 32 nm colloida] gold for 
I hour. Subsequently, 5 ml of a stabilizing solution (5% PEG 1450,0.1% BSA) was 
added to the tube and allowed to mix for an additional 30 mm. The sol was centrifiiged 
to remove unbound streptavidin and washed 2 times with 5 ml of the stabilizing solution. 
After a final spin, the pellet was reconstituted to a volume of 5 ml with the stabilizing 
solution. 1 ml aliquots were distributed to microfuge tubes. To these tubes increasing 
amounts of biotinylated human TNF alpha were added. The biotinylated cytokine was 
incubated with the streptavidin gold for 1 hour. The material was centrifuged at 10,000 
rpms for 10 mm. The resultant supernatant was collected and saved for TNF 
determinations. The pellets from each tube were washed 1 time with stabilizing solution 
and recentrifuged. The supernatant from ttiis spin was discarded. The pellet was 
reconstituted to I ml with stabilizing solution and both the pellet and initial supernatant 
weie assayed for TNF concentrations using our CYTELISA™ TNF kit One can see 
that greater than 90% of the biotinylated TNF inutuinoreactivity was found in the peUet 
(Fig. 10.) indicating that the biotinylated TNF was captured by the streptavidin bound 
25 gold. 
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EXAMPLE 17 

This experiment was to evaluate the feasibility of the streptavidin gold 
complex as a targeted drug delivery system. In order for this occur the streptavidin 

30 conju^d colloidal gold must bind both a biotinylated targeting ligand as well as a 
biotinylated therapeutic. To investigate this, we performed the following experiment. 

100 ml of a 32 imi colloidal gold solution was bound with a saturating 
concentration of streptavidin. After 1 hoar the sol was centrifuged and washed as 
described above. The colloidal gold bound streptavidin was then bound with sub- 

35 saturating concentrations of biotinylated cytokine. The m^erial was vortexed and 
incubated for ! hour at room temperauiie. Afterwards the so] was centrifuged and the 
pellet incubated with a solution of biotinylated polylysine. After a i hour incubation, the 
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sol was re-centrifuged and washed. After a final spin and resuspension (the final 
volume of the sol was approximately 1 ml) 50 |Lig of the Pgalactosidase reporter gene 
was incubated with the concentrated streptavidin/biotinylatcd cytokinc/polylysine 
diimera for 1 hour. The material was centrifiiged to reraove unbound plasmid DNA. 
5 The final construct (biotin EGF-SAP-Au-biotin polylysine-DNA) was centriftiged at 
14,000 rpms. The supernatant was assayoi for flie pne&ence of DNA by detenmining its 
OD at 260 nm. We observed a decrease in the supernatant OD @ 260 nm from 0.95 to 
0,25 after the incubation of the plasmid DNA with the biotin EGF-SAP-Au-biotin 
polylysine construct. The DNA was bound by the biotin EGF-SAP-Au-biotin 
10 poiylysine-DNA and was centrifuged out of the sol into the pellet. These data show that 
a new drug delivery system was developed using avidin binding to colloidal gold, 
Biounylation of the targeting and delivery payload was then used as the method for 
binding these molecules to the colloidal gold based drug/gene delivery system. 

It should be understood, of course, th^ the foregoing relates only to 
preferred embodiments of the present invention and that numerous modifications or 
alterations may be made therein without departing from the spirit and the scope of the 
invention as set forth in the appended claims. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. An antigen-specific, human-specific monoclonal antibody comprised 
entirely of human protein, produced by a process consisting essentially of 

5 a) stimulating immune cells from a human in vitro to activate the 

cells to produce a primary response to an antigen; wherein the 
antigen is a colloidal metal bound antigen and 

b) immortalizing the activated immune cells; and 

c) selecting a monoclonal antibody producing cell. 

10 

2. The composition of claim 1, wherein the antigen is selected from the 
group consisting of IL-l, IL-3, IL-6, IL-7, IL-8, IL-11, IL- 
12, IL-13, hpid A. phosphohpase A2 endotoxins, staphylococcal enterotoxin 
B and other toxins, Type I interferon. Type U interferon, TNF-a, TGF-p, 

15 lymphotoxin, migration inhibition factor, CSF, monocyte-macrophage CSF, 
granulocyte CSF, VEGF, angiogenin, heat shock proteins, carbohydrate 
moieties of blood groups, Rh factors, fibroblast growth factor, inflammatory 
and immune regulatory proteins, nucleotides, DNA, RNA, mRNA, sense, 
antisense, polynucleotides, cancer cell specific antigens, mutant p53, 
20 tyrosinase, autoimmune antigens, immunotherapy drugs, and angiogenic and 
anti-angiogenic drugs. 

3. A method for the in vitro stimulation of immune cells to produce 
antigen-specific, species-specific monoclonal anttbcdies comprising 

a) stimulating immune cells from a human or animal in xdtro to 
activate the cells to produce a primary response to an antigen, 
wherein the antigen is a colloidal metal bound antigen; 

b) immortalizing the activated immune cells; and 

c) selecting a monoclonal antibody producing celL 

4. The method of claim 3, wherein the stimulated immune cells produced 
in step (a) are stored and used at a later time, 

5. The method of claim 3 or claim 4, wherein the species is manunalian. 
The method of claim 5, wherein the species is human. 

>\ 
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7. The method according to any one of claims 3 to 6, wherein the antigen 
is selected from the group consisting of KL-l, IL-2, IL-3, IL'4, IL-5, IL-6, IL-7, 
IL-8, IL'IO, IL-11, IL-12, IL-13, lipid A, phospholipase A2 endotoxins, 
staphylococcal enterotoxin B and other toxins, Type I interferon. Type II 
interferon, TNF-a, TGF-p, lymphotoxin, migration inhibition factor, CSF, 
monocyte-macrophage CSF. granulocyte CSF, VEGF, angiogenin, heat shock 
proteins, carbohydrate moieties of blood groups, Rh factors, fibroblast growth 
factor, inflammatory and immune regulatory proteins, nucleotides, DNA, 
RNA, mRNA, sense, antisense, polynucleotides, cancer cell specific antigens, 
mutant p53, tyrosinase, autoinamune antigens, immunotherapy drugs, and 
angiogenic and anti-angiogenic dmgs. 
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8. A method for the in vitro production of antigen-specific, species- 
specific monoclonal antibodies comprising 

a) incubating an antigen and antigen presenting cells in vitro to 
activate the antigen presenting cells, wherein the antigen is a 
colloidal metal bound antigen; 

b) adding B cells to the activated APCs to produce primary clones; 

c) immortalizing the primary clones; and 

d) selecting a monoclonal antibody producing cell. 


9. The method of claim 8, wherein the stimulated immune cells produced 
in step a) are stored and us^ at a later time. 

25 10. The method of claim 8, wherein steps a) and b) are performed in a 
single step. 


** * • 
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11. The method according to any one of claims 8 to 10, wherein the 
activation comprises at least one immunostimulating molecule. 

12. The method according to any one of claims 8 to 11, wherein the 
antigen is selected from the group consisting of E.-1, IL-2, IL-3, IL-4, IL-5, IL- 
6, IL-7, IL-8, IL-10. IL-11, n.-12, IL-13, lipid A, phospholipase A2 endotoxins, 
staphylococcal enterotoxin B and other toxins, Type I interferon, Type 11 
interferon, TNF-a, TGF-p, lymphotoxin, migration inhibition factor, CSF, 
monocyte-macrophage CSF, granulocyte CSF, VEGF, angiogenin, heat shock 
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proteins, carbohydrate moieties of blood groups, Rh factors, fibroblast growth 
factor, inflammatory and immune regulatory proteins, nucleotides, DNA, 
RNA. mRNA, sense, antisense, polynucleotides, cancer cell specific antigens, 
mutant p53, tyrosinase, autoimmune antigens, immunotherapy drugs, and 
angiogenic and anti-angiogenic drugs. 
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